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The method for cultivating virus agents which was published by 
Maitland and Maitland (I) in 1928 may be regarded as having pro- 
vided oneof the most important techniques now available for the study 
of ultramicroscopic virus  agents outside  the  animal body.  In the 
original method, vaccinia virus was induced to multiply in a medium 
consisting of minced hens' kidney, serum and Tyrode solution.  The 
work of the Maitlands was soon confirmed by Rivers, Haagen and 
Muckenfuss  (2)  and  by  Eagles  and  McClean  (3).  Although  no 
fundamental changes have been made in the original technique, minor 
modifications, such as the use of Tyrode solution and tissue alone, the 
addition of animal sera of various kinds and of tissues of different 
origins, have been practiced by many observers.  The method has 
also become useful in the cultivation of Rickettsiae by the modifica- 
tion first  suggested by Nigg and Landsteiner  (4),  who used tunica 
vagina]is tissue of guinea pigs and guinea pig serum, with or without 
Tyrode solution. 
In both cases, success or failure with the Maitland method has, so 
far, depended largely upon empirical adjustments and modifications of 
minor factors.  Both in virus and in Rickettsia cultivation it has been 
found that it was essential to avoid the use of excessive amounts of 
tissue.  But although many virus agents can he successfully grown in 
flasks closed with the ordinary cotton plugs, Rickettsia multiplication 
seems to take place best when the flasks are tightly stoppered, pro- 
vided a  suitable adjustment is made between culture volume and air 
space.  Moreover, a fundamental physiological difference between the 
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growth requirements of the two classes of infectious agents is indicated 
by the fact that, whereas virus growth reaches its maximum usually 
between the 3rd and 4th days, at a  time when, according to Rivers, 
Haagen and Muckenfuss, the tissue is still alive, Rickettsia multiplica- 
tion appears to speed up after the 6th,  7th or 8th day when presum- 
ably tissue viability and, consequently, metabolism have come to a 
standstill.  The supposed limitation of Rickettsia growth to specific 
mammalian tissue is no longer tenable, since Miss FitzPatrick, in our 
laboratory, has recently obtained growth of the murine organisms in 
Maitland  cultures  containing  embryonic  chick  tissue  with  chick 
serum-Tyrode solution.  These  experiments  will  be  separately  re- 
ported. 
No one has so far succeeded in growing any of the virus agents or 
Rickettsiae in cultures other than those prepared by one or the other 
of the "tissue culture" methods.  While we do not underestimate the 
importance of the interesting observations of Eagles  (5)  with tissue 
extracts, it does not seem to us that his experiments can as yet be 
regarded as a  successful elimination of the tissue factor from virus 
cultures.  The presence of cells is, up to the present time, essential 
to any considerable degree of virus or Rickettsia multiplication.  And 
since accumulated evidence is strongly in support of the assumption 
that, within the infected body, both these infectious agents multiply 
intracellularly, it is likely that the cells, either directly or indirectly, 
determine the conditions which permit growth. 
The  experiments here recorded  represent  an  attempt  to  deter- 
mine some of the measurable physiological changes which take place 
in Maitland cultures. 
Our work has included the study and correlation of: (a) changes of 
reaction;  (b)  tissue  viability;  (c)  potential  developed  at  platinum 
electrodes, and (4) oxygen utilization. 
We are indebted to Dr.  Herald Cox for our original strain of the 
equine encephalitis virus which was used throughout. 
Changes of Reaction 
The recorded pH values were all determined colorimetrically by use of the 
Clark standards.  Within the ranges of pH 7 to pH 8.2 a scale of standard colors 
with phenol red, made up according to the method of Medalia (6), was used. 
Below and above this  range the reactions were determined on porcelain spot HANS  ZINSSER  AND  EMANUEL  B.  SCHOENBACH  209 
plates by the use of several overlapping indicators.  The measurements may be 
considered accurate within 0.2 pH unit. 
The reaction of the Maitland tissue cultures made with a  Tyrode 
solution  1 containing 0.5 gin. of sodium bicarbonate per liter is usually 
about pH 7.4 immediately after filtering and mixing.  When serum, 
either chick serum or horse serum, is added to these cultures in the 
proportion of one part of serum to three of Tyrode, the reaction is 
little changed, but occasionally is slightly less alkaline, pH 7.0 to 7.2. 
When the ordinary small amounts of either chick embryo or minced 
guinea pig tunica are employed, that is, amounts not exceeding 1 drop 
of a moist tissue suspension  s to not more than 3.5 cc. of fluid medium, 
in open flasks, the initial pH of 7.4 to 7.6 increases within 3 days to 
from 7.8  to 8.4 and higher.  In similar flasks, dosed, the initial pH 
usually dropped to below 7.0, and on occasion was found as low as 6.2 
to  6.5. 
When two or three times the ordinary amounts of tissue are used, 
both open and closed flasks turn acid, ending with final reactions at or 
about pH 6.0. 
Changes in  reaction are thus functions of the amounts of tissue 
added and of the freedom with which the produced carbon dioxide can 
escape; that is,  whether the flasks are stoppered with cotton or are 
tightly  dosed.  In  flasks  tightly  stoppered  and  observed over the 
course of at least 2 weeks, as in Rickettsia cultivation, the initial pH 
of 7.4 to 7.6, after a temporary slight rise of alkalinity on the 3rd or 
4th day, usually falls to about pH 7.0, rarely below this.  It is quite 
probable that this relatively slight change, in spite of the closure of 
the flasks, can be accounted for by the fact that the amounts of tissue 
used in Rickettsia cultures are invariably small and that guinea pig 
tunica tissue is metabolically less active than embryonic chick tissue. 
The growth of equine encephalitis virus in chick embryo Maitland 
cultures usually leads to  a  relatively high alkalinity within 3  days, 
owing, we believe, to the fact that the tissue is partly killed and its 
COs production thereby interrupted. 
1  The Tyrode solutions used contained NaC1 8.0, KC1 0.2, CaC12 0.2, MgC12 
0.1, NaH2PO4 0.05, NaHC08 0.5 or 1.0 for typhus, glucose 1 gin., 1000 H~O. 
This amount of tissue corresponds approximately to 0.16 to 0.18 mg. of total 
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TABLE  I 
Viability of  Chick  Tissue in Maitland  CuUures* 
The following tabulation is compiled from a  great many experiments carried 
out in the course of our work.  We have not tried to complete it systematically, 
since  the  general averages here  given  gave  us  the  information we  desired to 
correlate viability with other factors. 
Period of viability  Average  final 
Description  Opened or closed  of tissue  reactions 
In Tyrode solution alone 
Culture optimum amounts of 
tissue 
Culture optimum amounts of 
tissue 
Larger amounts of tissue 
Chick serum-Tyrode 1 to 3 
Culture optimum amounts of 
tissue 
Culture optimum amounts of 
tissue 
Larger amounts  of  tissue  (3 
times above) 
Culture amounts with virus 
Horse serum-Tyrode 1 to 3 
Culture amounts chick tissue 
Culture amounts chick tissue 
with virus 
Fresh tissue, "old" Tyrode 
Old tissue, new Tyrode 
Tissue heated 50°C. for 10 rain. 
Cotton  stoppers 
Rubber  " 
Cotton  " 
~C  L~ 
Rubber  " 
Cotton  " 
c~  cc 
gg  ¢l 
~¢  gg 
g¢  gg 
Usually 6 days 
Rarely 6 days 
3 to 5 days, de- 
pending  on 
reaction 
6 days 
4 to 5 days 
Dead  on 
day 
2 to 3 days 
3rd 
Up to 4 days 
Up  to  3rd  day 
slight growth 
At least 3 days 
6 days (total) 
No growth 
pH 7.8-8,0 
pH 6.8-7.2 
Approaching 
pH 6.0 
pH 7.8 
pH 7.0-7.2 
pH 5.8-6.0 
pH 7.8-8.0 
pH 7.0 
pH 7.4 
pH 6.3-6.8 
Alkaline 
In almost all cases in which final pH ranged from 6 to 6.4 or below, the tissue 
either grew in only a few of the spots or not at all.  Alkalinity, even up to 9.6, did 
not kill tissue, 
* Viability was determined by "spotting" pieces of tissue in heparinized chicken 
plasma in sealed Petri plates. 
In  a  later section,  it will be  seen  that  the  viability of tissue  may 
persist in spite of shifts to the alkaline  side up  to  and  above pH  8.0. HANS  ZINSSER  AND  EMANUEL  B.  $C~OENBACH  211 
In two cases,  tissue plants showed some growth when taken from a 
flask having a final reaction of pH 9.6.  Reactions approaching pH 6.0 
are more unfavorable for tissue survival.  Observation of changes in 
reaction suggest that the empirically observed necessity of avoiding 
excessive amounts of tissue in the Maitland technique depends upon 
excessive shifts to the acid side.  It is not impossible that larger and 
more rapid yields of virus might be produced if cultures could either 
be buffered or daily readjusted with small amounts of alkali.  The 
favorable effect of reasonable amounts of serum may be partially a 
result of its buffering effect.  Experiments in these directions have 
not yet been completed. 
Determinations of Potential Changes in Tissue Cultures 
Recent years have led to considerable interest in biological electrode 
potentials, and a great many publications dealing with this subject in 
the study of bacteria have appeared during the last 5 years.  The 
literature has been summarized by Hewitt  (7),  and the subject in 
general has been discussed by Clark (8).  It has been suggested by 
Plotz  (9),  that potential changes in such cultures may play an im- 
portant  r61e in the multiplication of virus agents.  It was largely, 
indeed, as a result of a discussion presented at our laboratory by Dr. 
Plotz that our interest in this matter was aroused.  Plotz based his 
views to a  great extent on the work of Wurmser  (10)  and on the 
possibility, presented by the studies of Wurmser and Geloso (11), that 
potentials might be stabilized at various levels by the use of the "glu- 
tides" produced by the anaerobic heating of alkaline sugar solutions. 
It seemed desirable, therefore, to study this factor and to develop a 
method for the study of electrode potentials in Tyrode tissue mixtures, 
with and without serum, in which the conditions established resembled 
as much as possible those prevailing in the ordinary Maitland tech- 
nique. 
We are aware of the fact that the interpretation of recorded results in terms of 
chemical exchange or the transfer of energy must be left for specialists.  But we 
felt nevertheless that a beginning in such studies must be made by bacteriologists 
familiar with infectious agents and cultural methods, and that adaptation of the 
relatively simple methods of potential measurement to a sterile cultural technique 
represented  a  bacteriological problem.  We  are  indebted  to  Professor  Baird 
Hastings for much advice and helpful criticism. 212  PHYSIOLOGICAL CONDITIONS IN TISSUE CULTURES 
It was necessary to devise a  method in which the variable factors 
should be reduced to a  minimum and which permitted the  observa- 
tion of cultures under sterile conditions during periods corresponding 
to those necessary for virus multiplication, that is, 3 or 4 days.  We 
decided to attempt to make direct electrode measurements instead of 
using the  dyes available for similar purposes,  chiefly because of  the 
Fro.  1 
possible  toxicity  of  these  substances  and  their  consequent  inter- 
ference with growth. 
A  satisfactory technique was  eventually based  on  the  construction of the 
special flasks illustrated in Fig.  1.  The side arms of these flasks were stoppered 
with cotton and two or three curled platinum wire electrodes introduced,  3 through 
the cotton stoppers.  The flasks were then wrapped in paper and subjected to dry 
3 Two or three electrodes were used in every flask and experiments thrown out 
in which serious discrepancies between individual electrodes were observed. HANS ZINSSER AND E~I~EL  B. SCIIOENBACH  213 
sterilization.  Just before setting up the experiments, 4 per cent agar in distilled 
water, containing 2 per cent potassium chloride, was carefully introduced into the 
long, bent arm of each flask with a sterile syringe to which a small piece of rubber 
tubing with pinch cock was attached.  In order to further insure sterile manipula- 
tion, the agar was put in while still very hot and run as far as the joint between 
the bottom of the flask and the bent arm, up to the funnePshaped aperture con- 
necting the two.  The flask was then held steady until the agar hardened.  Shrink- 
age during cooling was allowed for  in the filling, the object being to permit free 
contact between the agar  bridge and the culture material.  The electrodes were 
adjusted so that they came as close as possible to the bottoms of the flasks without 
touching them.  Hot paraffin was then run  into the cotton stoppers holding the 
electrodes, so that  these might be  held firmly in place during the experiment. 
Finally, the tissue cultures to be studied were run into the open side arms under 
sterile precautions.  These flasks, usually in pairs, experiment and control, were 
then set up in a  water bath so  that the bottoms of the flasks were covered with 
water at 37  °, and the arms holding the agar bridges,--turning over the edge of the 
water bath,--were immersed in a saturated potassium chloride liquid junction in 
which was also immersed the  connection of a 0.1 s  calomel half-ceU at the times 
when readings were taken.  The electrodes were  then connected in the usual way 
with  a  potentiometer which  was  the  Leeds and  Northrup  type  7665A  and  a 
galvanometer which was  the  Leeds  and  Northrup  type  2420C.  The  potenti- 
ometer was calibrated to 0.5 millivolts and the galvanometer had a current sensi- 
tiveness per unit scale of 0.025 micro amperes which registered 0.25 miUivolts with 
10,000 ohms resistance.  The standard cell and the 0.1 s  calomel cell were stand- 
ardized for us through the courtesy of Dr. E. J. Cohn.  The value of the calomel 
cell has been taken as 0.338 v.  This value when added to the determined potential 
E1 gives the potential referred to the normal hydrogen electrode and designated Eh. 
The adaptation of an apparatus of this kind to tissue culture study of course 
necessitated the introduction of a  number of factors which might easily lead to 
inaccuracy.  Moreover, it was necessary for obvious reasons to use an isotonic 
KCl-agar bridge and to immerse this in a saturated KC1 liquid junction.  Another 
possible source of error was thereby introduced.  In order to guard against gross 
inaccuracies the apparatus was checked by a  quinhydrone half-cell at a  known 
hydrogen ion concentration, placed in one of the described flasks and set up under 
the standard  conditions of our experiments.  This  control showed a  variation 
from  the  theoretical so slight that  we felt confident  that  it was negligible in 
comparison with the range of variations obtained in actual experiment# 
4 Dr. Hastings, who has been kind enough to go over this paper for us, advises 
emphasis upon the point that these potential measurements are not to be confused 
with  those  found  in  reversible  oxidation-reduction  systems  under  anaerobic 
conditions.  They differ essentially in that they were made under a  tension of 
oxygen approaching that  of air in a  fluid medium containing various enzymes 
and substrates.  Absolute values are not capable of being given physicochemical 
interpretation, certainly not by the writers. 214  PHYSIOLOGICAL  COlqDITIONS  IN  TISSUE  CULTUI~S 
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FIo.  2.  Potential  curve  of  chick  tissue.  Curve  1,  chick  embryo~tissue in 
Tyrode alone.  Curve 2, chick embryo tissue, heated to 50°C. for 10 minutes, in 
Tyrode alone.  Curve 3, chick embryo tissue in chick serum-Tyrode.  Curve 4, 
chick embryo tissue inoculated  with  equine encephalitis virus in  chick serum- 
Tyrode.  Curve 5, chick embryo tissue in horse serum-Tyrode. HAlqS ZINSSER AND  EMANUEL  ]~.  SCHOENBACH  215 
In the accompanying charts, we indicate some of the results of our 
potential measurements.  We  may summarize the  results of these 
experiments in the following way. 
Potential  Measurements in  Cultures  Containing  Embryo Chick 
Tissue.--In mixtures of embryonic chick tissue and Tyrode solution, 
there is invariably a  rise of potential in the order of from 80 to  110 
millivolts, which flattens out in from 40 to 60 hours.  In these mix- 
tures the initial potential (El) is usually negative at the beginning, 
within  the  range  of  -0.100  to  -0.040  millivolts.  These figures, 
however, were subject to considerable variation, probably owing to 
differences in  amounts of  tissue  and  intervals  between making of 
cultures and  first  readings.  It  is  nevertheless  certain  that  initial 
potentials were always relatively low and that the trend was always 
upward toward the positive. 
Such rises of potential were observed both in'cases in which the 
actual reaction rose from pH 7.4 to pH 8.6 and in those in which there 
was a fall of pH from 7.4 to approximately 6.4.  For these reasons, it 
may be inferred that the rise of potentials was not directly due to 
reaction changes, though the actual potential levels were of course 
affected. 
Tissue heated to 50  ° for 10 minutes, though no longer supporting 
virus growth, showing little oxygen utilization and no longer viable in 
plasma cultures, always exhibited a definite rise of potential similar to, 
though usually somewhat lower than that apparent in the cultures 
with unheated tissue. 
In  a  considerable number of  experiments in which chick  tissue- 
Tyrode cultures inoculated with equine encephalitis virus were com- 
pared with uninoculated flasks, the virus appeared to lower the level 
of the final potential, but not to suppress the rise entirely.  An exam- 
pie of such an experiment is the following: 
Experiment.--Two  "potential" flasks of chick embryo  tissue in  appropriate 
quantities in 6.0 cc. chick serum-Tyrode. 
Flask/.--Inoculated  with virus.  Rise of potential 122 millivolts in 36 hours. 
Final pH 6.9. 
Flask 2.--No virus.  Rise of potential, 189 millivolts.  Final pH 7.2. 
The inoculation of the virus flask was made from a titrated culture in such a way 
that the initial concentration of virus was less than 10 -2.  The final titration was 
10 4 , indicating not only survival but increase of the virus. 216  PHYSIOLOGICAL  CONDITIONS  IN TISSUE  CULTURES 
Since it was found that the equine encephalitis virus would grow 
almost as well in chick tissue-horse serum-Tyrode mixtures as when 
chick  serum  was  used,  comparative  potential  measurements  were 
made in which chick tissue-horse serum mixtures were compared with 
similar flasks containing chick serum instead of the horse serum.  The 
usual  rise  of potential  was  observed in  the horse  serum mixtures, 
though it started at a lower level and did not rise as high as in the 
controls. 
Since our respiration measurements and viability tests seemed to 
indicate  that  the  gradual  diminution of  tissue  activity  in  Tyrode 
solution did not depend upon accumulation of inhibitory products of 
metabolism,  we  carried  out  a  number of  potential  experiments in 
which "old" Tyrode solution which l~ad  been incubated with chick 
tissue for 3 days was used as a menstruum for fresh tissue in a potential 
experiment.  As was to be expected, since our method directly meas- 
ures the potential of the fluid and not that of the suspended tissue, 
the potential in these cases started high and continued to rise another 
70 miUivolts within the next 3 days.  It is interesting in this connec- 
tion to consider the fact that such "old" Tyrode still contained about 
50%  of its original sugar content, calculated without allowance for 
slight concentration by evaporation. 
A converse experiment in which new Tyrode was added to old tissue 
showed that the potential starts at the usual low level and rises in the 
ordinary way. 
We may conclude from these experiments that, unlike cultures of 
many bacteria, mixtures of physiological fluids and living ceils as used 
for virus and Rickettsia cultivation regularly exhibit considerable rises 
of electromotive potential within the first 3 days of observation, and 
that these changes are not purely functions of changes of hydrogen 
ion  concentration.  As  a  rule,  such  rise  of  potential  is  complete 
between the 40th and the 90th hour, stabilizing at about the point at 
which respiratory exchange practically stops. 
Since cultures heated to 50  ° for 10 minutes, which no longer utilize 
oxygen to any extent, support neither virus nor Rickettsia growth and 
contain no viable cells, stilt exhibit a definite rise of potential, it seems 
not unreasonable to assume that such changes of potential are not the 
sole determining processes in  either virus or Rickettsia cultivation, 
though of course they may be contributory factors. HANS  ZINSSER  AND  EMANUEL  B.  SCHOENBACH  217 
Moreover,  just  as  in  the  respiration  experiments,  the  potential 
measurements indicate that entirely different physiological conditions 
are involved, respectively, in virus cultures and in Rickettsia cultures; 
since  virus  multiplication  takes  place  during  the  period  of  active 
exchange,  and  Rickettsia  growth  appears  to  speed  up  after  these 
changes  have  become  stabilized,  and  the  cells  are  either  no  longer 
viable, or are at any rate in a state of reduced metabolic activity. 
Experiments on Respiration 
The  method  used  for the  determination  of tissue  respiration was 
carried out with the Warburg modification of the Barcroft-Haldane 
microrespirometer. 
Flasks were used which had central wells to contain potassium hydroxide for 
the absorption of carbon dioxide.  The directions given in the book on mano- 
metric methods by Dixon (12) were followed in the mercury standardization of 
volumes and for the calculation of respiratory quotient and oxygen utilization. 
Brodie's solution,  made up by the original  formula described by Warburg, was 
used.  The density of this, as determined for us in the laboratory of Dr. Edwin 
Cohn, was 1.03094. 
Since it was necessary to work in a sterile manner, the small flasks, with curled 
bits of Whatman starch-free No. 40 filter paper placed in the central KOH reservoir 
and stoppered with cotton, were subjected to autoclave sterilization and dried. 
The Tyrode solution or Tyrode-sernm mixtures were run into the bottom of these 
flasks under sterile precautions with slightly bent pipettes, and the tissue was 
added in a similar manner.  The ground glass joints of the manometer were then 
flamed with a Bunsen burner and greased with  sterile anhydrous lanolin  before 
the flasks were attached.  In later experiments,  the closure was reinforced with 
paraffin.  With a little practice, this method resulted in sterile runs.  The volumes 
of fluid used were 2 cc., but absolute uniformity of amounts of tissue were not 
attempted in the interests of sterility.  The large number of comparative experi- 
ments  carried out insu.red against  errors of principle from this source.  Type 
experiments are charted in Figs. 3 and 4. 
We  may  summarize  the  results  of  a  great  many  experiments  as 
follows: 
Oxygen Utilization of Chick Tissue in Tyrode Solution.--When chick 
tissue was added to Tyrode solution in amounts approximately equiva- 
lent to those used in tissue cultures, the oxygen uptake amounted in 218  PII~IOLOGICAL  CONDITIONS  IN  TISSUE  CULI~'RES 
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FIc. 3.  Respiration  of chick tissue.  Curve  1,  chick tissue in Tyrode alone. 
Curve  2,  chick tissue  in  chick serum-Tyrode.  Curve  3,  chick tissue  in horse 
serum-Tyrode.  Curve  4,  chick  tissue  in  chick serum-Tyrode inoculated  with 
equine encephalitis virus.  Curve 5, chick tissue, heated to 50°C. for 10 minutes, 
in Tyrode alone. 
rough averages to from 90 to  100 c.mm. of oxygen in from 70 to  80 
hours.  About 70 per cent of this uptake usually took place within the 
first  40  hours,  at  which  time  the  oxygen  uptake  rapidly  began  to us  z~ss~R  A~D ~EL  B.  SCaO~AC~  219 
decline, approaching a constant level of not more than about 3 c, ram. 
per 24 hours thereafter. 
Since, of course, in the Warburg apparatus, the carbon dioxide is 
removed by the KOH and the cultures rapidly become alkaline, it was 
necessary to determine whether the oxygen uptake under these cir- 
cumstances was similar to or different from that taking place in cultures 
kept in  an  incubator.  To  ascertain  this,  a  series  of  cultures was 
incubated as usual and put into the Warburg apparatus after 40, 60 
C.mm 0R 
~ilized 
at N.TP. 
70 
6O 
50 
e0 
50 
20 
10 
ol  1 
C~ 
5  ).0  20  50  eO  50 
.time in hours. 
FIo.  4. Respiration of guinea pig tuniea.  Curve 1,  guinea pig tuniea  in 
guinea pig serum-Tyrode.  Curve 2,  guinea pig tuniea in guinea pig serum- 
Tyrode after heating to 50°C. for 10 minutes. 
and  90  hours,  respectively.  The  oxygen utilization in  such flasks 
was then compared with corresponding rates observed at analogous 
times in Warburg flasks put into the respirometer from the beginning. 
It  was  found that  the  results of  such  "staggered"  determinations 
corresponded approximately to those of the continuous experiments 
at the analogous times.  Our measurements could thus be taken to 
represent  the  approximate  oxygen  utilization  occurring  in  tissue 
culture flasks incubated in the ordinary way. 
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slightly stimulating renewed  respiration,  did  not  lead  to  complete 
resuscitation.  Spot cultures in plasma showed the tissue to be still 
viable after 96 hours, the point at which the Tyrode was renewed. 
Comparative respiration experiments on tissue cultures in Tyrode 
with and without chick serum showed the following results. 
First 15 hrs  .............................. 
Next 15 hrs .............................. 
Chick serum-Tyrode* 
37.3t 
23.0 
Tyrodealone 
¢:,~m, 
24.9 
8.1 
* Controls with serum-Tyrode mixtures without tissue were always observed 
together with tissue experiments, and corrections  made.  Since  in some of these 
experiments the presence of dissolved hemoglobin was a disturbing factor, the 
experiments recorded are  only  those in  which visible hemolysis was  absent. 
Barometric controls, always made, are omitted in the tables. 
t Expressed as cubic millimeters  of Os at N.T.P. 
It  would  thus  appear  that  respiration  of  tissue  in  Tyrode with 
homologous serum  continued more actively into the  2nd  day than 
when no serum was present. 
The effect of glucose was similarly investigated. 
Tyrode with glucose  Tyrode without glucose 
¢.mm.  c.tnm. 
First 15 hrs  ..............................  24.9  11.6 
Next 15 hrs ..............................  8.1  1.2 
In this experiment it appears that the glucose is an important ele- 
ment  in  respiration.  This is  particularly interesting in  connection 
with the fact that not more than 50 per cent of the glucose added to 
the Tyrode solution appears to be utilized within the 3 day cultivation 
which is the usual period.  5 
Since it was found that heterologous serum added to chick tissue- 
Tyrode  mixtures  neither  killed  the  cells  nor  inhibited  virus  and 
Rickettsia growth, comparative respiratory experiments were done in 
5  We are indebted to Dr.  Allan Butler  of the Children's Hospital for the 
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which chick serum-Tyrode  mixtures were compared with horse serum- 
Tyrode mixtures. 
Oxygen Utilization.-- 
Period  Chick tissue,  chick serum 
Z4 hrs,  33.5 
Next 15 hrs.  10.08 
I  Chick  serum,  Chick  tissae, 
no tissue  horse serum 
C.m~.  C°m@$. 
3.7  76.9 
Spoiled acci-  25.2 
dentally 
Horse  serum, 
no tissue 
c,mmo 
6.9 
1.4 
It thus appears that the respiration of chick tissue can go on as well 
in the presence of horse serum as in  the presence of chick serum. 
From a series of runs of chick tissue in horse serum, we have the im- 
pression that the horse serum stimulates rather than inhibits oxygen 
utilization.  This,  however, is not certain, owing to  the occasional 
quantitative  discrepancies  in  amounts  of  tissue.  More  accurate 
quantitative methods would be necessary to make sure of this. 
Comparative respiration experiments were then carried out in which 
the ordinary amounts of tissue were compared with amounts greater 
than  those  favorable  for  virus  or  Rickettsia  cultivation.  These 
showed that, although the larger amounts of tissue had an increased 
oxygen uptake in the first 10 hours, roughly approximating the pro- 
portion existing between the amounts of tissue  added,  the oxygen 
utilization was about the same in the two flasks between the 26th and 
the 58th hour. 
Since  tissue heated to 50°C.  for 10 minutes is neither viable nor 
supports Rickettsia or virus growth, such material was also subjected 
to respiration experiments in Tyrode solution.  Controls were made 
with Tyrode alone.  It was found that heated tissues still take up 
small  amounts of oxygen, not,  however, amounting to  more than 
about  16 ¢.mm. in the first 30 hours.  Heating to 60°C. practically 
arrested oxygen utilization.  An accident in one of our experiments 
in which the temperature of the water bath rose to 42°C. for several 
hours resulted in almost complete arrest of oxygen utilization, indi- 
cating the extreme heat sensitiveness of the respiratory mechanism. 
Similar experiments, carried out with guinea pig tunica tissue in 
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results similar in principle,  though actual amounts of oxygen utilized 
were proportionately less with guinea pig than with chick tissue.  It 
is particularly important to note that the active oxygen utilization in 
the guinea pig tissue experiments was practically over after about 30 
hours, and usually ceased at the end of 45 hours.  80 to 90 per cent 
of the oxygen was taken up in the first 30 hours.  Thus, since Rickett- 
sia accumulation  in these cultures is never apparent before the 6th, 7th 
or 8th days, it is clear that in the case of these organisms the condi- 
tions for growth are established at a time when tissue metabolism has 
practically come to a standstill.  The virus and Rickettsia problems 
are, therefore, quite distinct in principle, though the Maitland method 
is used in both cases. 
Respiration experiments in which comparisons in oxygen utilization 
between normal  and  virus-inoculated tissues  were made  were  not 
entirely satisfactory because of technical difficulties.  In three sepa- 
rate  runs,  however,  such  experiments  have  indicated  a  suddenly 
enhanced oxygen utilization in the infected tissue between the 30th 
and the 40th hour. 
Summarizing our respiration experiments, we may say that  the 
period of virus growth corresponds roughly to that during which the 
tissue is respiring and remains viable.  The growth of Rickettsia, on 
the other hand,  seems most active at periods when the tissue has 
ceased respiring and is either not viable at all or has lost much, pos- 
sibly all,  of its metabolic activity.  This fact alone, if any further 
evidence were necessary, distinguishes the Rickettsia biologically from 
the virus agents. 
DISCUSSION 
The purpose of the experiments here recorded was to analyze some 
of the conditions prevailing in tissue cultures in the hope of thereby 
gaining insight into the physiology of virus and Rickettsia growth. 
The Maitland method was selected for analysis because it has become 
the basic technique for most virus cultivation, and has been success- 
fully modified for the cultivation of Rickettsiae. 
In regard to changes of reaction, our experiments indicate that these 
are determined chiefly by the proportion of tissue amounts to total 
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is confined or allowed to escape.  When the small amounts of tissue 
which have been found suitable for virus and Rickettsia cultivation 
are used in open flasks, the reaction becomes alkaline, changing from 
an initial pH 7.4 to pH 8.0 and higher by the 3rd day.  In similar 
flasks,  tightly stoppered, as is  customary in  Rickettsia cultivation, 
where the formed carbon dioxide is retained, the initial reaction of 
pH  7.4,  after a  preliminary alkalinity, becomes slightly more acid, 
averaging pH 6.8 to 7.2 by the 8th or 9th day. 
When larger amounts of tissue are used, even in open flasks, the 
reaction becomes acid, reaching or even surpassing pH 6.0 within a 
few days.  Tissue viability tests have shown that even at reactions as 
high as pH 9.0 and over, the tissue cells may remain viable, whereas 
reactions approaching pH 6.0 rapidly injure the cells. 
In cotton-stoppered flasks, with the amounts of tissue and Tyrode 
solution customary for virus cultivation, the presence of virus appears 
to hasten and increase the development  of alkalinity, probably because 
the tissue is killed and carbon dioxide production ceases. 
These observations suggest among other things that the failure of 
virus growth in the presence of excessive amounts of tissue is due to 
rapid inactivation of tissue metabolism by the development  of acidity. 
It is not impossible that more rapid and more plentiful virus growth 
may be obtained with large amounts of tissue if the reaction can be 
successfully buffered. 
Measurements  of  electromotive potentials  in  Maitland  cultures 
have consistently indicated that there is a  rise of 100 millivolts or 
more in the course of 72 to 96 hours, after which the potential stabilizes 
at  levels usually in  the neighborhood of Eh  -[-0.420  (El  -[-0.082). 
There is reasonable agreement between the slowing down of active 
respiration and potential stabilization. 
When Tyrode solution is removed from tissue flasks at the end of 2 
or 3 days and used as a menstruum for fresh tissue in a special potential 
flask, the E1 values start at the high point and rise still higher in the 
course of 24 hours. 
Potential rises are highest in chick tissue-Tyrode mixtures without 
serum.  The addition of either chick or horse serum diminishes the 
upward excursion of the potential. 
Heating tissue to 50°C. for 10 minutes, a procedure which destroys 224  PIIYSIOLOGICAL CONDITIONS IN TISSUE CULTURES 
the viability of the cells and renders them unsuitable for either virus 
or Rickettsia cultivation, does not prevent considerable rise of poten- 
tial.  This fact seems of importance, in view of the suggestion of other 
investigators  that  potential  levels  are  determining factors in  virus 
cultivation.  From our own experiments, we are inclined to assume 
that while the potential rise is an incidental and possibly important 
factor, it is not the determining one in virus tissue culture. 
In  regard  to  an  analysis  of the  conditions which  determine the 
described  changes of potential,  we  are  confronted with  a  problem 
involving analysis of the individual enzyme systems, a question which 
can be approached by the technique we have used, but which must be 
left to investigators more highly trained than the writers in this type 
of work. 
Our respiration studies have shown that oxygen utilization goes on 
most actively in the first 40 hours, and then gradually declines up to 
70 to 80 hours, when it practically comes to a standstill.  Respiration 
is a little more active in the presence of cultures containing serum than 
it  is  in  those  containing Tyrode solution  only.  Chick  tissue  may 
respire actively in an heterologous serum, i.e.,  horse serum; and in 
such heterologous serum cultures, the equine encephalitis virus grows 
almost as well as in Tyrode solution alone or in chick serum Tyrode 
cultures.  When  tissue  is  heated  to  50°C.  for  10  minutes,  oxygen 
utilization is not completely stopped,  but sinks to a  very low level. 
Temperatures of 42°C.  for several hours may materially injure the 
respiratory mechanism. 
An experiment in which comparative respiration measurements were 
made between flasks containing (a) fresh tissue and fresh Tyrode, and 
(b)  fresh tissue  and  "old"  Tyrode  (the latter previously incubated 
with tissue for 3 days and separated by centrifugation), showed almost 
equal oxygen uptakes in the course of 65 hours.  This tends to indicate 
that the cessation of respiratory activity is due neither to the exhaus- 
tion  of  nutritional  material  in  the  liquid  menstruum,  nor  to  the 
accumulation of metabolites, but is referable to changes taking place 
in the cells themselves. 
It is interesting to note that only about 30 to 40 per cent of the 
glucose contained in the cultures is used up, yet experiments comparing 
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of the sugar for respiration.  The amount actually used would have 
required for its consumption two or three times the amount of oxygen 
utilization  recorded  in  the  respirometer  measurements.  It  seems 
necessary to conclude from this that a part of the glucose is metabo- 
lized by some process in which oxygen takes no part.  We have per- 
formed no anaerobic respiration experiments. 
It seems apparent from our experiments that the growth of a repre- 
sentative virus agent in Maitland cultures is roughly parallel to the 
metabolic activity of the tissue cells in the cultures.  The fact that 
respiration practically ceases about 12 to 24 hours before the maximum 
virus titre is found in the fluid may be due to the period required for 
the extrusion of the virus agent from the disintegrating cells.  The 
decline of virus titre habitually observed on the 4th, 5th and 6th days 
indicates that the virus not only does not multiply when the cells 
have ceased metabolizing, but that it deteriorates in the presence of 
cell disintegration.  Mere setting of potentials in cell-free media does 
not appear to promise solution of the problem of virus cultivation. 
Although the general methods are alike for in vitro cultivation both 
of many virus agents and of Rickettsiae, the respective physiological 
conditions determining  growth in these cases seem to be quite different. 
In contrast to the parallelism in time between virus multiplication 
and tissue viability and activity, the growth of Rickettsiae appears 
to  be  delayed  until  tissue  metabolism  has  stopped,  determinable 
viability is over and the system has come to some sort of equilibrium. 
We have found that Rickettsiae can be grown on tissue cultures which 
are not inoculated until after a preliminary incubation of 3 or 4 days. 
Nevertheless,  even  in  such  cultures,  the  Rickettsiae  invade  and 
multiply  in  the  presumably  inactive  cells.  While,  therefore,  the 
Rickettsiae, unlike virus agents, do not depend on the vital activities 
of the cells, they still appear to require conditions established within 
the inactive  cells  before cytoplasmic deterioration has made much 
progress. 
SIYM~ARY 
An analysis  of some of the physiological  factors  active  in Maitland 
tissue  cultures  has been presentcd  in the hope that it  may be of  some 
value in  clarifying  the prindples  underlying tissue  cultures  in  general. 226  PHYSIOLOGICAL  CONDITIONS  IN TISSUE  CULTURES 
It  has  been  found that  the  empirically determined necessity of 
using relatively small amounts of tissue in such cultures is dependent 
upon the fact that excessive tissue leads to a rapid change of reaction 
toward the acid side.  Whereas tissue may remain viable in an en- 
vironment as alkaline as pH 9 and over, viability is rapidly destroyed 
when the reaction approaches pH 6. 
Evidence is  presented to  indicate  that  the  changes in  electrode 
potentials which take place in Maitland cultures are not, as has been 
suggested, the determining factors upon which virus multiplication 
depends, although they may,  of course, be incidentally important. 
It has been shown that there are fundamental differences between 
those conditions in Maitland cultures which favor the multiplication 
of a typical virus and those upon which the growth of the Rickettsiae 
of typhus fever depends. 
The virus which we have studied (equine encephalitis virus, western 
type) multiplies during the period of active tissue metabolism.  The 
maximum virus titrations are obtained at about the time at which 
metabolism has come to a  standstill.  Thereafter the virus not only 
ceases to increase but rapidly deteriorates.  The period of viability 
of the  tissue  cells themselves is  shortened by  several  days  in  the 
presence  of  virus  multiplication.  There  is  some  evidence  that  a 
temporary acceleration of oxygen uptake takes place during the time 
of active  virus multiplication.  Technical difficulties in  controlling 
such experiments prevent certainty in regard to this point. 
In contrast with the conditions determining the growth of a virus 
agent in the Maitland cultures the multiplication of Rickettsiae does 
not begin to any determinable extent until after active cell metabolism 
has either become stabilized or has ceased.  The Rickettsiae continue 
to grow at a  time when the cells are no longer viable.  It appears 
likely that  these organisms find the most favorable  conditions for 
growth in cells which are no longer metabolically active but in which 
some delicately heat-susceptible dements have not yet been disturbed. 
As a consequence of these observations, frozen and preserved embry- 
onic tissues have been successfully used for Rickettsia cultivation.  A 
report on these experiments will be made in a separate communication. 
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